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Description 

Background of the Invention 
1. Field of the invention 



This invention relates to surface-coated cemented ca'rbide articles and more oarticulailv it is mn^moH 



capable of resisting severer cutting conditions. 
2. Description of the prior art 



It is wen known in cutting tools that the temperature of a tool edge is 800°C or hiqher durino cuttinn Ac 

with^ 8 ^^2I r bide V ^ With 3 haPd l3yer " the *»•*>» of an ed 9* i» 'oweted as compared 
with the cemented carbide as a substrate and thus the tool tends to be broken and can hardrv exhibit 21* 
hveness for any of many kinds of workpieces such as of steel or cast iron ® 

The coating layers can be divided broadly into two categories: (1) single layers of TiC TiCN or Tiw «,nH 
composite layers thereof, which will hereinafter be referred to as Ti compound SXn- a^STJL^J^ 

2£l2 f 9 1 l C ° mp0Und 8 y stem are mos « Scribed in Japanese Patent Publica^n No iTgsLS 
which discloses a film structure comprising an inner layer of TiC and an outer laver of TIN „ Z ^25 , , 
TiCanintermed^.ayerofTiCNandanouter.ayerof™ 

tan the ,ns,de to the outside, the film structure having both of an excellent rake surface SesE and 

and the effects by coating hard layers are not sufficient^ exhibited in wear resistance 9 
n general, when the wear of a tool is increased to some extent, the cutting resistance is incm a «,i 

ZS^tfS P ^ e f SS h ° f W K eafin9 and breaka9e ° fthe edge ' 80 * at ^XXXSS^tS 
ZESOL £ * 38 T rcqUired f ° rthe P"^ 036 ° f elimination of labor in «B*2 

ptC o to T a " 9in9 3 t00 ' f ° r 8n0ther ^ *• flank wear **£3I 

CZh » « o . „ . ' a,thou 9 h in tne P nor a rt. a tool was generally used until reaching a flank wear 
width of about 0.2 to 0.3 mm. The flank wear width of approximately 0.1 to 015 mm has a*S£! 52 II 
wearwidth which wll hereinafter be referred to as "ini Halwear" and of late thS 
considered as an important factor to govern the tool life. wear resistance has been 

^^StXESZ A, ^° s - coated cemented o^Wes. for example, as disclosed in Japanese Patent Publi- 
oahon No. 13201/1077, show an excellentwear resistance in high speed cutting because of the exceHen^eit 

Summary of the invention 

k„„ I!! 3 , 3 " ? je K I* 6 w reSent i " yenti0n 10 provlde su rfaoe-coated cemented carbide articles or parts for cut- 
ung tools whereby the above described disadvantages of the prior art can be overcome 

i„ hiifchMi 8 ' ° b i eC ! ° f the 1 f reSent inventi0n t0 provide a cemented «■««*• part having a coating excellent 
in heat shielding effect as well as initial wear resistance 9 excellent 

and!onX* er °^^ 

thJ^T < J- e ^ C ! n ^ 8 3tt ! lned Dy 8 ° emen,ed oa^ide" article having a hard coating layer on the surface 
thereof, in which the hard coating layer comprises an Inner layer of TiC and an outer layer of TiC an^ an inw 
med,ate layer, provided between the inner layer and outer layer, consisting ofJZS^^Su^ 

srSE?* ™ ora r posite wherein a ™ ,ayer is ^SSs^^ 

layer ftirther havmg an outermost layer of Al 2 0, with a thickness of 0.5 to 5 microns and wherein The 522 
outer layer of TO has a thickness of 0.5 to 2.5 microns, the layer of TiN has a^soSz^S 
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and each layer of TiCN if any has a thickness of 0.1 to 2.5 microns. 
Brief description of the drawing 

2T iTT,"^ dra , Win9 u 3re t0 MuSbate * e principle and merite of in greater detaD. 

a T 9 ; I v.ew for showing a broken state of an Insert after cutting: (a) top view and (b) front view 

Fig. 2 is a cross sectional view of a workpiece to be cut used in a cutting test 
Detailed description of the invention 

«fn,^L«f B j'Z« torS ; made V3 ™ US eff0rtS 10 oblaln a su "*««oated cemented carbide article with the 

In Ti compounds, the thermal conductivity is in the order of TiC. TiCN and TIN, Le. TiC havino a hiahest 
? r? T*Z*' ^ h3rdneSS iS * 0rier 0f TO ' ^ and ™. ■* TO having a higSsf >aless 

IZn-Tn?^ k Fun ^°^ n , 9 ;^ * Cemented Carbide Cutting Tools with Alumina by Chemical Vapor Dep- 
osition" (J. Bectrochem. Soc. Vol. 123, No. 2 (16)). 



TABLE 1 







TiN 


TiC 


Microhardness 
(kg/mm 2 ) 


20°C 


1,950 


3.200 


Thermal conductivity 
(Cal/cm.$-°C) 


20°C 


0.048 


0.078 




1,100°C 


0.063 


0.099 



In order to reduce the heat transfer to a cemented carbide substrate during cutting, it is desirable to coat 
TiN witt, a lower thermal conductivity, but when using TiN only, the wear resistance is inferior because of the 

ETtJTSlT. I 0 " T 1 US> '!l 0rdert0 eXh ' blt effecUvely the heat Yielding effect of TiN. we have noted 
tat TiN has a lower thermal conductivity at a relatively lower temperature and have coated TIN as an inner 
ayer at a relatively lower temperature of the coating layers during cutting, followed by coating TO as an outer 
layer. It is assumed Ithat the initial wear resistance of a tool is governed by me wear resistance of an outer iaye 
wrthin a range of about 3 microns in the coating layer and if TiC excellent in wear resistance is c^ted as an 
outerlayer. an excellent Initial wear resistance can be obtained, thus protecting TiN as a heat shielding feyer 

subSrJlf Ce ; COate l C8mented Ca * We t00 ' h3Vi " 9 *■ above described coati "9 at ~ cture ■ made and 
J™ 10 ^ 10 ! of * e cutbn 9 P ro P ert y usi "9 a ^el workpiece, deformation of the cemented carbide 
substrate by heat is reduced and the Initial wear is also reduced as compared with the prior art coating structure 
consisting of an inner layer of TiC and an outer layerof TiN. but there arises a problem that the wear resistance 
J Tk K 6ret0 CUttm9 ° f CaStin9S - Thus ' ""WaAson of both the tools is carried out as to the bonding 
strengtt. between the coating layer and cemented carbide substrate in order to know the cause of the above 

JSS5?fiS?5I Bm and f?«» e< « U8n ?y. » islbund that the use oTTIC as an Inner layarrasuHs In a higher bonding 
strength than the use of TiN as an inner layer. 

^,h?M fe ' " 8 t0 °! iS prepared by 0030,19 a cemented oet" e substrate with TiC as an Innermost layer, 
with TIN as an intermediate layer and with TiC as an outermost layer and estimated, it is found that as compared 

2S JS7 0U ? °!. at ! d cementedcarb,des <*»o Prior art. the thermal deformation of the cemented car- 
bide substrate is reduced, the initial wear resistance is increased, better results are alsogiven in cutting of cast- 
ings and the adaptability to workpieces to be cut is more enhanced. 

Furthermore, the advantages or merits of the present invention can be more effectively given by allowing 

' nte T d,ate Propert,es 10 exist between the ***** of TiC and TiN so as to increase the bonding 
strength between the coating layers, to moderate the crystal strain and to increase the strength of the coating 

In the surface-coated cemented carbide article of the present invention, the substrate or base member used 
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Si L ^ZS^ , Wh,Ch ^ Sintered Products containi "9 one " ™ re materia* selected from car- 
Sun? £1S * !L m0rB mete ' S Se,ected frDm titen,um . ^monlum, hafnium, vanadium, colunl 
bhim, tantalum, chrorruum. molybdenum and tungsten, cemented by one or more metals se ected from th! i™ 

Ston metSJ ' ' S 9enera " y Carried out bv the 'hemical vapor dep- 

Generally, a cemented carbide article coated with a hart layer has the disadvantaoe as well known i„ ,„» 
art, ftattheedgeshength is lowerthan thatof the cemented camide sulTtoa^ 

We have made studies in order to overcome this disadvantage and consequenUy have foun I mat fte 
aSme ZSStV ^ be ^ W9her tha " ^ mp0und «" cemeS Z prior 

SconTo c aCh * *" ^ ,aye,S 3nd ™ ,ayer nava a film «**«- of 0.5 to 2 5 J 

Si !„ ^hT f lnvent, °"- P° rexa mP'e. when a tool having a Tkrcmpound coaling structure of to 
prior art. .n wh.ch the Innerlayer of TiC has a thickness of 5 p and the outer layer of TiN has a mfckne? s of *1 

Z ^ a ^rr an T: to0 ' haV,n9 8 °° a,1 ' n9 StruchJre of *• •»«* ^enSrwhictT^^^ 
J. »^ 5C ° f 1,0 6aCh h3S 8 thl0kness 01 M •» and *• intermediate layer of TiN has a WaSToK 

stance, although they have the same whole thickness of TiC and TiN The reason mJ«*™ k! 9 T 
follows: in the too. of the present invention. TiC is coated ^eparatedly mtX^^tTe^nTl? 

sets: rr d t rase of coatin9 a sin9,e ' ay - ?™£t^5^^ 

SLtoTf^^r"- ^ PrOPa9atton * ,S thUS dWUS6d the f ' na ^.ns. th^re-n^ 

In this eaaa, the effects are substantially the same In both the cases where the Intermediate laver is of a 

J? T a compos j te ,ayerof ™ and TiCN - When TiCN is coated "-SSSnST £1 

*e toughness is further improved. In this case, the breakage resistance can further be increased if me TO aS 

EST eac 5 i as a ?" thickness of 05 to 2 5 " and the TCN ,aver has a fi|m thicks of 01 t e ?s ! , f 

ttie thickness o the each layer exceeds 2.5 p, the effect of making tine the crystal grains decreased and^he 
breakage resistance is lowered, whfle if the thickness of TiC and TiN are reVoecttov iIXST? I 

0.1 p, there is little effect of improving the toughness 

TlcX^^i^' "flf^ * P^ant invention consists in a basic structure of 

2 Sin i °" e fi" 8 mU,tilayer te required - ln a preferabla embodiment, a more stable tool can 
be obtained by coating repeatedly a plurality of the multilayers. 

The present invention also provides a surface-coated cemented carbide article or part having an excellent 
heat resistance in addition to the above described properties by further coaBng the SEEKS ie 
above descnbed basic structure with Al 2 0 3 as an outermost layer. In this case. LeveTif fte wSHH ll 
off tf ^ "■"iS 6ffeCt ° f ■* is ,itUe - whHe ff more <nan 0.5 p. the hSSSSSI: 

T.^Mo°^! rt °Jr^! aSe 1116 bondin 9 stre ngth of the Al 2 0 3 film, a bonding layer of TiBN. TiCBN TiCO TiNO or 

The following example given in order to illustrate the present invention in detail without limiting the same. 
Example 

o „„i fK m L nte l Carbide 01 ' S0 P 10 < commerclal "erne) was coated with coating layeis as shown in Tables 
2 and 3 by me known vapor deposition method and then subjected to estimation of thfcutting partes Sua 
obtaining results as shown in Tables 2 and 3. The method of estimating the cutting ph^IESSJS 

a ™?K* 0n ° f Sampla Nos - 4 « 5 and 6 0,t he Present invention with Sample No. 1 for comparison it is 
ouanntoffhl^ 

quanbty of thermal deformation, flank wear width and breakage ratio. I.e. the former having more exceJent out 
properties than the latter, in Sample Nos. 2. 3 and 4 for comparison, the film thlS S22 552 
rfr'^ronjrfechanged and Itis apparent from these results mat me breakage raUo Is InCSasSwimtnl 
increase of the thickness of AI 2 O s . while the thermal deformation and flank wear width am I 
decreaseofthethicknessofAi^.Thus.itw.-llclearty b.«nd^tS!S^i^^ 
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is more excellent from the standpoint of overall cutting properties 

an fl«n Jj J^ q T itieS than 8am * N0 ' 7 f0r «nP*"*n « to the quantity of thermal defon3»n 

2m2 M 2 ^f'if ^ ° n the ° ther nand ' Samp,e Na 9 is ™ re excellent than the «>mpa*™ e 
sample In all aspects. Therefore, when thefDm thickness of the each layer of TIC, TON or TIN iSSSZ 
» a more exceOent breakage resistance can also be obtained In the case of using S£ ^ 
analogous manner to the case of using Ti compounds coating layers 9 V 



TA8LE 2 



Sample 
No. 

Comparison 



Coating layer structure lu 



Inner layer- 



-Outer layer 



TiC TIN AUO, 

5.0 2.5 1.0 

TIC TIN TTC AljO, 

2.5 2.5 2.5 7.0 



, TIC TTN TIC Al t O, 

3 2.5 2.5 2.5 0.3 

Our invention 

k TTC TTN T7C Al ? 0 3 

2.5 2.5 2.5 1.0 

c TiC TiCN TiN "HON TIC Al 2 0 3 

3 2.0 1.0 t.5 1.0 2.0 1.0 

6 TTC TiCN TTN TTCN TiC TT8NAIA TIN 

2.0 1.0 1.5 1.0 2.0 0.5 "1.0 0.5 



Total 
thickness 



Note 



Cutting properties' 



il) 



(I) Quantity of thermal deformation (mm)- 

(III) Flank wear width (mm) 

(IV) Breakage ratio (%) 



WW) 



8.5 


0.1<14 


0.275 


59 


W.5 


0.052 


0.172 


95 


7.8 


0.152 


0.312 


50 


8.5 


0.093 


0.220 


34 


8.5 


0.095 


0.203 


21 


9.5 


0.09a 


0.201 


23 



TABLE 3 



Sample 
No. 



Coating layer structure lul 



Inner layer*- 



-Outer layer 



Total 
thickness 



Cutting properties* 
(i) IIII] (IV) 



Comparison 
7 



TIC TTN AUC 5 
6.5 6.0 1.0 



13.5 



0.072 0.163 87 



8 TiC TTN TTC Al,0, 

3.5- .6.0 3.0 1.0 
our invention 

p TiC TiCN TiN TiCN TiC Al,0 3 

y 2.5 2.5 2.5 2.5 2.5 1.0 

Note: •(!), (Ill) and lIV) same as in Table 2 



115 



13.5 



0.063 0.136 83 



0.061 0.134 62 
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10 



15 



20 



Woricpiece 
(hardness; 



Cutting 
speed 
(m/mim 



TABLc 4 

reed 
tmm.revj 



Oeoth of 
cut 
imm) 



Cutting 
time 
imini 



Tool 
form 
NO. 



Quantity of 

thermal 

deformation* 

Rank wear 
width 

Breakage 
ratio** 



SX 5 
fH, 250) 



SCM 435 
iH, 250) 

wim groove 



ISO 

170 
•00 



0.74 
0.37 



1,5 



2.0 



:.S 



50 



SNMG 432 

SNMG 432 
SNMG 432 



Note 



* Quantity of thermal deformation is represented by Vs in 
Fig. 1 shawing a broken state of a cutting insert after 
cutting. 

•• Breakage ratio is a relative value in a 10 edges cutting 
test of a grooved workpiece having a cross section as shown 
in Fig. 2. 
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provided between the SSSSm oSSilZS 1 J W ' ayer * TiC ' and an intermediate layer, 
of TIN or a composite !Zff?SS KTESSSfii? 1 ™T * either ""^ «i» 

having an outermost layer of l^mXmZtZ^ K ■ '°" ^ *• har ° COat,n 9 '^er further 
of TIC has a thickness of 0 5 toft m^ns^f ,™ 5 ma ° nS '' a " d Wherein 1,16 '""er or outer layer 
■ayerofTiCNifanyhra^ 



Revendications 



chequiestsoitunecoucheuniquedeTiNTuneoo^he^ 

ree entre des couches de TiCN la couIL I °°™P°sAe dans laquelle une couche de TiN est inse- 

d'une epaisseur IS? ^TKlSJS^.T" 1 * P ' US °° U * 8 *" 
0.5 a 2.5 mtoons. la couche T™ une SK^TS t S ° U - T? B de T ' C 3 U " e 6paisseur de 
existe a une epaisseur de 0.1 a 2,5 mii ' W m,Cr ° nS * ChaqUe C0UchB de TON si e »* 

^^SS^SSS^ se,on ': revendicatfon 1 « dans ^ ,a «— - a *. 
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10 



15 



20 



TiCO, TiNO et TiCNO et ayant une epaisseur de 0,3 a 1 micron. 

3. Article en carbure cemente a surface revetue *e\rm in rovonwj^« « j 

couche intermedial et la couche de TiC som repeat reVend,Cat, ° n 1 ' dans la "■«*■ de ™. la 



PatentansprQche 



fllche teSeS'S?? 8 h *? menBert ? s Carbide^eugnis mit einer harten Beschicbtung auf der Ober- 
nacne bel dem die harte Beschichtung eine Innenschichtatis TIC und eine AuSenschichtaus TIC T-in« 

S?io 8 „ U o sS 2 5 e IT™r h ^ biS 5 r^ e ' St> Und die ,nne "- AuaensSa to etna 
a. n •°; e | flS ? he " bes " 5hichtetesz «"'entierte S CarbiderzeugnisnachAnspruch 1. wobeidieAuBenschlchtaus 
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FIG. I 
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